We describe here structure and temperature dependences of conductivity σ(T ), the Seebeck coecient α(T ), thermal conductivity λ(T ) and gure-of-merit ZT (T ) in Ca3Co4O9 ceramics, doped with Fe and Y, depending on compacting pressure (0.2 or 6 MPa) and temperature (300 < T < 700 K). It is shown that introduction of iron and yttrium to ceramics does not alter the crystalline structure of the material. Increasing the pressure in the compacting process before the additional diusion annealing leads to a smaller-grained structure and increase σ and λ due to reducing of the synthesized samples porosity. The Seebeck coecients of nanocomposite ceramics Ca3Co3.9Fe0.1O9 and (Ca2.9Y0.1)(Co3.9Fe0.1)O9 have linear dependences on temperature is not changed after increase of compacting pressure. Electrical-to-heat conductivity ratio (σ/λ) for the samples compacted at high (6 GPa) pressure increases not more than 2030% in comparison with ones compacted at low (0.2 GPa) pressure, whereby ZT is increased more than 50%. The main reason for this eect is samples porosity reduction with the compacting pressure increase.
The main technical characteristics of the AMS were the following:
• determination of the σ(T ) range 10 −5 10
3 Ω cm with the accuracy not less than 10%;
• determination of the α(T ) range 101000 µV/K with the accuracy not less than 0.5%;
• determination of ZT (T ) range with the accuracy not less than 5%;
• determination of λ(T ) range 0.510 W/(m K) with the accuracy not less than 15%;
• measurement of temperature with the error not more than 0.1 • C in the range 300700 K;
• measurement error of voltage by nanovoltmeter Agilent 34420A (at the limit of measurement 100 mV) no more than 0.0002% of measured value +0.1 µV;
• current measurement error no more than 0.15%;
• stabilization of the temperature range 300700 K with an accuracy of 1%;
• vacuum level in the measuring chamber 1 Pa.
After measurements of ZT (T ), α(T ), and σ(T ) dependences we could estimate λ(T ) with accuracy not less than 15% using the known Ioe relation for dimensionless ZT = α 2 σT /λ [7] .
Measurements of σ(T ) at 50 < T < 300 K were per- 
Results and discussion
According to XRD analysis, the introduction of iron and yttrium into Ca 3 Co 4 O 9 -based ceramics did not lead to the appearance of new phases. As can be seen from insets in Fig. 1 , the X-ray patterns of the synthesized samples, subjected to low (0.2 GPa) and high (6 GPa) compaction pressure before nal diusion heat treatment, have no qualitative dierences.
Example of SEM images for the ceramic samples Ca 3 Co 3.9 Fe 0.1 O 9 , obtained by compaction at low (0.2 GPa) and high (6 GPa) pressures, prior to nal homogenizing heat treatments, are presented in Fig. 1 . It is evident that increasing the compacting pressure leads to a ner-grained structure and also reduces the porosity of the synthesized samples of both groups.
The example of ZT (T ), α(T ), σ(T ) and calculated λ(T ) dependences for the samples Ca 3 Co 3.9 Fe 0.1 O 9 is presented in Fig. 2 . Let us compare the behavior of these dependences for both groups of cobaltites doped with iron only (samples 1 compacted at 0.2 GPa and samples 2 for 6 GPa) or doped with iron and yttrium simultaneously (samples 3 compacted at 6 GPa). 2 ) and (Ca2.9Y0.1)(Co3.9Fe0.1)O9 (curves 3) after compaction at pressures 0.2 GPa (curves 1) and 6 GPa (curves 2 and 3) before homogenization heat treatment. Inset: σ(T ) for (Ca2.9Y0.1)(Co3.9Fe0.1)O9 sample measured in the temperature range 2700 K.
Firstly, we should note that there were no dierence in ZT (T ), α(T ), σ(T ) and λ(T ) dependences between the samples with dierent doping subjected low pressure 0.2 GPa at compaction of tablets before homogenization annealing.
It is clearly seen, for example, in the curve 1 in Fig. 1a where two dierent types of points conform Ca 3 Co 3.9 Fe 0.1 O 9 (diamonds) and (Ca 2.9 Y 0.1 )(Co 3.9 Fe 0.1 )O 9 (stars) samples.
Secondly, the analysis of the experimental data for the both groups of samples have shown that the increase of compaction pressure (from 0.2 GPa to 6 GPa) before homogenization annealing is mostly critical factor which strongly aects properties of the samples studied. As is seen, higher pressure of compaction results in increase of conductivity in 24 times and thermal conductivity and gure-of-merit in 23 times whereas Zeebeck eect α(T )
remains practically invariable (compare curves 1 and 23
in Fig. 1 ), hitting in narrow band of values between Thirdly, as is seen from Fig. 2a,b,d , ZT (T ), α(T ), and λ(T ) dependences are close to linear independently on compaction pressure. At the same time, σ(T ) curves in Fig. 2c are non-linear and even non-monotonic (see curve 3 in the inset) in the wide range of temperatures.
The last evidences that, after compacting at 6 GPa, all the samples acquire semiconducting properties so that behavior of σ(T ) curves between 200 and 500 K denotes the state of impurities depletion due to their complete ionization when carrier transport is determined only by temperature dependence of mobility (due to their scattering on phonons) because concentration of impurity carriers is constant (no changes with temperature). Let us note that very close behavior of σ(T ) was observed in [8] for undoped Ca 3 Co 4 O 9 and doped with Ag and Lu.
As follows from the above analysis, the ratio of thermal to electrical conductivity (σ/λ) after compacting at high pressure increased twice that explains the increase of ZT also twice.
Linear progress of α(T ) curves in Fig. 2b testies validity of the known Mott relation [9] :
for the studied samples. Here c e is specic heat of carriers, n concentration of carriers, k B the Boltzmann constant, g(ε) dependence of density of states on energy in the vicinity of Fermi level ε F . The rst contribution in (1), in accordance with [9] , we can consider practically as constant and prevailing over the second one which is linearly dependent on temperature. Fitting α(T ) curves by linear dependences α(T ) = A + BT allowed us to estimate coecients A = c e /n and B = 
